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ABSTRACT
Apparatus is provided for optically transmitting a plu rality of AM modulated RF subcarriers in adjacent octaves. A first laser is modulated to produce a first optical output signal containing a plurality of subcarri ers in a first octave. A second laser is modulated to produce a second optical output signal containing a plurality of subcarriers in a second octave. The first output signal is optically filtered to attenuate distortion products falling in the second octave. The second out put signal is optically filtered to attenuate distortion products falling in the first octave. The present invention relates to fiber optic communi cation systems, and more particularly to apparatus for optically transmitting a plurality of RF subcarriers in adjacent octaves.
Cable television systems currently distribute televi sion program signals via coaxial cable, typically ar ranged in tree and branch networks. The use of televi sion signals comprising amplitude modulated vestigial sideband video subcarriers is preferred in the distribu tion of cable television signals due to the compatibility of that format with National Television Standards Com mittee ("NTSC') television standards and the ability to provide an increased number of channels within a given
bandwidth. An undesirable characteristic of AM-VSB transmission, however, is that it requires a much higher carrier-to-noise ratio ("CNR') than other techniques, such as frequency modulation or digital transmission of video signals. Generally, a CNR of at least 40 dB is necessary to provide clear reception of AM-VSB televi sion signals.
The replacement of coaxial cable with optical fiber transmission lines in television distribution systems has become a high priority. Production single mode fiber can support virtually unlimited bandwidth and has low attenuation. Accordingly, a fiber optic distribution sys ten or a fiber-coax cable hybrid would provide substan tially increased performance at a competitive cost as compared to prior art coaxial cable systems.
One problem in implementing an optical fiber distri bution system, particularly for AM-VSB signals, is that directly modulated semiconductor lasers of the type typically used in fiber optic systems produce high levels of distortion products (particularly second order) that are not compatible with multi-channel AM-VSB video signals. This is due to the short lifetime of the carrier excited state within the semiconductor laser. A recom bination time of such a laser operating near 1.3 in or 1.5 um is about 1.2 nanoseconds, which is short con pared to the period of a typical AM-VSB subcarrier operating in the cable television band of about 55.25
MHz to 1 GHz. The difficulties presented in transmitting multi-chan nel AM-VSB television signals over fiber optic distribu tion systems have led others to propose the use of fre quency modulation ("FM") instead of the more desir It would be advantageous to provide an optical fiber based cable television distribution system that utilizes the AM subcarrier modulation format and frequency plan utilized by current coaxial cable distribution sys tems. Such a fiber based system would provide compati bility with existing coaxial systems, and enable an or derly progression from current coaxial systems to hy brid coaxial/fiber systems, and ultimately to all fiber distribution systems.
The present invention provides optical fiber based distribution apparatus for AM subcarriers that enjoys the aforementioned advantages and overcomes the problem of second order distortion products generated by directly modulated semiconductor lasers.
SUMMARY OF THE INVENTION
In accordance with the present invention, apparatus is provided for optically transmitting subcarriers in adjacent signal bands (e.g., octaves). A first laser oper ates at a first wavelength, and is modulated with a first subcarrier to provide a first optical output signal. A second laser operating at a second wavelength is modu lated with a second subcarrier to provide a second opti cal output signal. Means are provided for optically filtering the first output signal to attenuate distortion products falling within a frequency band containing the second subcarrier. Similarly, means are provided for optically filtering the second output signal to attenuate distortion products falling within a frequency band containing the first subcarrier. The filtered first and second output signals are combined for communication over an optical transmission medium.
The first and second subcarriers may be AM modu lated RF subcarriers. The lasers may be semiconductor lasers, that are directly modulated with the first and second subcarriers, respectively. In a cable television application, the subcarriers contain video information.
In a preferred embodiment of the present invention, the optical transmission medium is a single mode optical fiber. The filtering means can comprise single mode transversal filters, although other types of optical filters may also be used.
The wavelengths of the first and second lasers are selected to preclude the generation of beat frequencies within a predetermined band containing the subcarriers. Where the first and second subcarriers comprise AM modulated cable television channel signals, the prede termined band in which beat frequencies are avoided will generally comprise the entire cable television spec turn.
Each laser may be modulated with a plurality of cable television channel subcarriers to provide modulated channel signals in adjacent octaves. A plurality of addi tional lasers may be provided, each operating at a unique wavelength for use in communicating additional channel signals in corresponding octaves. An optical filter is provided for each additional laser to attenuate distortion products falling in adjacent octaves. The present invention provides an optical scheme for transmitting subcarriers in adjacent signal bands. In the embodiment disclosed herein, two or more RF octaves of AM subcarrier multiplexed television channels are combined for communication over an optical fiber.
Apparatus in accordance with the present invention is illustrated in FIG. 1 . A first laser 10 operating at a wavelength A is directly modulated with television channel signals (e.g., channels 1-20) contained in a first frequency band ("octave"). Laser 10 produces a first optical output signal having a frequency spectrum con taining video channels 30 and second order distortion In accordance with the present invention, the RF spectral distortion products that fall in the adjacent octaves are optically attenuated. A low pass fiber filter 12, having an insertion loss 34 illustrated in FIG. 2 , is provided to filter the frequency spectrum output from laser 10. The resulting frequency spectrum, shown in The wavelengths A1 and A2 of lasers 10, 14 respec tively are selected such that the RF beat frequency of the two lasers falls outside the frequency spectrum (e.g., cable television spectrum) in which the signals are com municated. One IOOC-89, pp. 190-191, 1989 . The reference by Sasayama discloses a single mode transversal filter real ized on a silica substrate, that can be used in accordance with the present invention for video distribution based on single mode fiber.
Alternately, a bandpass filter can be constructed using delay lines, as set forth in C. T. Chang, et al, "Fibre-Optic Delay-Line Devices for R. F. Signal Pro cessing", Electron. Lett, Vol. 13, pp. 678-680, 1977 . A general discussion of optical signal processing that men tions optical filter design is provided in H. F. Taylor, "Application of Guided Wave Optics in Signal Process ing and Sensing", Proc. IEEE, Vol. 75, No. 11, pp. 1524 -1535 , Nov. 1987 Optical combiner 18 can comprise a wave division multiplex combiner or other device well known in the art. If the system can withstand the loss, a wavelength insensitive 3 dB coupler can be used to combine the output signals from the filters. If a low loss combiner is needed, and the wavelengths output from the lasers are sufficiently far apart, a wavelength selective dichroic type coupler can be used. Alternately, an unbalanced Mach-Zehnder interferometer etched in silica can be used to allow frequency selective multiplexing of multi ple optical frequencies.
It should now be appreciated that the present inven tion provides for the transmission of two or more adja cent octaves of AM modulated video information over an optical communication path. A plurality of lasers, each modulated with subcarriers contained in a corre sponding octave, are used to produce optical output signals. The optical output signals are processed to attenuate distortion products that would interfere with adjacent octaves, and are then combined to produce a multi-octave signal for transmission.
Although the invention has been described in connec tion with a preferred embodiment thereof, it will be appreciated by those skilled in the art that numerous modifications and adaptations may be made thereto without departing from the spirit and scope of the in vention, as set forth in the following claims. 
